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SUPERCONDUCTING BOLOMETER 

The bolometer system and i t s  present  status a r e  

reviewed i n  t h e  following d iscuss ion .  

The superconducting bolometer can be operated i n  

s e v e r a l  modes, t h e  choice depending t o  a large e x t e n t  

on the  magnitude of t he  l i g h t  M u  being measured. For 

weak fluxes it i s  necessary t o  opera te  i n  the l a t e n t  

hea t  region of the  superconducting sensor.  The present  

bolometer i s  designed t o  f’unction i n  t h i s  region. 

opera t ion  t h e  temperature of t h e  superconducting element 

is reduced below Tc, its c r i t i c a l  temperature. 

posed magnetic f i e l d  is then adjusted t o  y i e l d  a pre- 

determined permeabi l i ty  f o r  the s e n s i t i v e  element. T h i s  

is poss ib l e  s i n c e  the magnetic properties y i e l d  a non- 

l i n e a r  r e l a t i o n s h i p  between t h e  magnetic induct ion  B 

and t h e  imposed f i e l d  H, the r a t i o  of which determines 

the  permeabi l i ty .  The permeabi l i ty  of the supercon- 

duc t ing  element i s  sensed by measuring t h e  self inductance 

of a s m a l l  c o i l  ad jacent  t o  it. 

During 

An im-  

As l i g h t  f lux  falls on the  superconductor, t h e  ab- 

s orbe0 energy i nc reases  its permeabilitg an3 %hereby the 

self  inductance of t h e  sensing c o i l .  The l i g h t  f lux 

measurement i s  then obtained by measuring the  change 

necessary i n  the  imposed f i e l d  t o  r e s t o r e  the  permeabi l i ty  

t o  i t s  o r i g i n a l  value.  The following f u n c t i o n a l  diagram 
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desc r ibes  the  operat ion of the  e l e c t r o n i c s .  
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Fabr i ca t ion  of mechanical p a r t s  of the bolometer 

apparatus i s  n e a r l y  complete. The d e t a i l s  o f  the mechani- 

c a l  appara tus  a r e  best explained through r e fe rence  t o  t h e  

numbered elements i n  Fig. 1, a c r o s s  s e c t i o n a l  view of  

t h e  system. 

Por t  (1) i s  connected t o  a pumping system t o  obta in  

a vacuum of t h e  Qrder  of loo6 mm Hg p r i o r  t o  f i l l i n g  t h e  

l i q u i d  N2 r e se rvo i r .  This  vacuum i s  maintained i n  reg ions  

( 2 )  (3 )  and (4), thereby minimizing conductive heat l o s ses .  

Radiation losses a r e  reduced by t h e  l o w  temperature a t  t h e  

N2 dewar (14). 
There are a series of nylon suspension screws ( 5 )  

around the edge of the  n i t rogen  con ta ine r  (141, minimizing 

any conductive hea t  l e a k  from t h e  ou t s ide  wal l s  o f  the 

bolometer. 

i s  the  l i q u i d  helium dewar (9)  made of s t a i n l e s s  s t e e l ,  

s i t t i n g  on a nylon r i n g  (61, again  minimizing heat l e a k  

f r o m  n i t rogen  temperatures. I n  t h i s  con ta ine r  i s  a copper 

bar (81, on t h e  f r o n t  of which t h e  superconducting sample ( 7 )  

Suspended within t h e  l i q u i d  n i t rogen  conta iner  
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Fig. 1. Cutaway 3f BDlmetsr Apparatus 
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i s  placed. The magnetic c i r c u i t  (10) extends from bo th  

s i d e s  of t he  sample through t h e  n i t rogen  chamber. I n  the 

top  of t h e  helium conta iner  is a ceramic feedthrough helding 

a carbon r e s i s t o r  f o r  l e v e l  d e t e c t i o n  purposes (13). 

(11) i s  a t h i n  walled s t a i n l e s s  s t e e l  n i t rogen  t r a n s f e r  

tube. Tube (121, connecting t h e  helium con ta ine r  t o  i t s  

own pressure  con t ro l  system, i s  made of t h i n  w a l l  nylon. 

Helium t r a n s f e r  i s  th rough  th i s  tube and a ho le  i n  the  

copper bar i n t o  the  helium dewar. 

* 

Not shown i s  a s i l v e r e d  r a d i a t i o n  s h i e l d  which w i l l  

be a t  n i t rogen  temperatures, sh i e ld ing  t h e  sample from 

room temperature r a d i a t i o n  of t he  surrounding wal l s .  

The mechanical apparatus requirements c o n s i s t  o f  

only minor plumbing d e t a i l s .  The e l e c t r i c a l  c i r c u i t r y  

ou t l ined  previous ly  i n  block diagram i s  p r e s e n t l y  being 

f ab r i ca t ed .  A l l  items requi r ing  long lead time have been 

received and no delays i n  our program are an t i c ipa t ed .  

4b The geometry of the  system made it necessary t o  bu i ld  

i n t o  the helium dewar a means f o r  monitoring the  l i q u i d  

l e v e l .  A simple, r e l i a b l e  and inexpensive l e v e l  sensor  

has  been b u i l t  us ing two carbon r e s i s t o r s ,  one i n  each 

a m  of a bridge c i r c u i t ,  l oca t ed  one above t h e  other .  

As t h e  f i r s t  r e s i s t o r  pene t ra tes  the l iquid,  t h e  br idge 

becomes unbalanced, causing e i t h e r  a meter d e f l e c t i o n  or  a 

bulb t o  l i g h t .  D e t a i l s  of t h e  c i r c u i t  a r e  included i n  

Appendix I. 
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APPENDIX I 

N D t e :  R is 1K sensing r e s i s t 3 r  
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